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(57)Abstract 

PROBLEM TO BE SOLVED: To realize detailed service based on a 
priority set as to the use of a communication band. 
SOLUTION: A layer 4 processing section 1 2 executes a 
communication protocol to set a communication band used for 
packet transmission usually based on the smaller value of a 
reception notice window value denoting reception capability of an 
opposite node and a congestion window value obtd. by estimating a 
transfer capability of a network. On the detection of a packet 
missing even, the congestion window value is not reduced 
immediately but stored as it is and only in the case that a 
succeeding packet missing state is deteriorated, the congestion 
window value is reduced to reduce the communication band. 
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■I '» 



3 

hO&T&ttimzte, Wry h»ffft*iK5 

[Ht#Jg 7 ] MM 5 Sfctt 6 Ett<z>flfttM*l#&K: 

S§ 2 OSI^KMT^X^-y y h iO)!fe&>SJB 1 

±0»£fc. h#«TbTt>*fc«>SU 
Sg2<2$J£KF^T<2X;i/~:/y ^<£>BI£<£>KS3<Z) 
■f*KniTOX^-^y h 2 <0X;P-:/y 

gLffl^nfcm 1 *s«fctf *2 hSftAtfBrfc 
[0 0 0 1] 

[0 0 0 2] 

aAT?»4Tcprn /tjry h»**»©*iaaet 
[0003] zntzMz, «^y-H©sffl«***r 



2) tttt»3 1 6 3 4 7 9^ 

4 

/^^-^TfiSSSftft-J^ >H^<1 (adwnd) 

>F»>«i (cwnd) Sffl^T, m 
in (adwnd, cwnd) OSgH"?j£mT£o fcfz 
U min (A, B) \tAt B (D^ttlfr'bZ ^Jj<Dfa 

[0 0 0 4] SfltOil^60*«M*licwnd 

X^-HSMI (s s t h r e s h) Cti^^/I 

[0 0 0 5] ^-(D^iCOlK»tt*OJ:5&fe©T»«. 

f«i«0/l7^-^$, ssthresh = ad 
wnd, cwnd=lfcfflffl«jrr*. 
[0 0 0 6] ^bTXD-X^~h:7x--XK:A0, 1 

BJfcg/^yh (ACK/^7h) <0S«*»O. 
RFfflrtCACK/^^ry hSrSWbfcS* cwnd^+1 
U &fc»2/^y h<Dig«*f^ B», ACKW 
y *^JC*BbfcDT/Xir^ h8tf£W\ * 

©2l«pItB*T*Sc wn d^Hts sthreshl: 

[0 0 0 7] l^ot, IfpfllcwndU 1, 
2, 4, 8, •••£Sofca£K*mbTt><. cwnd 
^ssthres hK3ib££>> <HS@»7x-XtcA 
w £o «*iaa:7x-XTtt, ACK/i^ry hSfi^^te: 
cwnd*l/cwndSltillOSt5OT, XD-X 

[0 0 0 8] ftSW&TCPOUKTtt, DT/tfryh 
hbfcl*, Sfctt-S* (Bfttt3) S(i^l«AC 

X#^^St6ACKA^7 hSattbTttRflSffl-r 

[0 0 0 9] M»*tW»rbfcl«tt, ttttM 

1^C7)/15/~^£:1I$SU s s t h r e s htem i n 

(cwnd, adwnd) /2<ht§o ^fccwndi: 
O^T, MtACKfcBJCMi^fctt. Scwnd=!Bc 
wnd/2^:l, ^-f AT 1 } grcwnd 
= ltt^^)(0i^^W§ (#J;U£, W.R.Stevens 
m, TCP Illustrated Vol.1 (^Chapter 2K Addison We 
sley, 1994&£#!H) 

[ooio] Ro@«©fflaft*a^tbfca*i 

50 W*« (SACK) <0«^TCP^>3>«!:IT 



5 

1 9 9 >?-*y b • K*^.*>hT&&RF 

C2 0 18tS^nL SACKH?ffl«, g««T/t 

[ooii] **M« (MM!*P) fcOHflUc^HT 
tt, RFC 2 0 1 8T?\tU&mmifi&ftZnz>'<%t$> 
SOT, SACK*aicJ:D/^iry M»***lHLfc» 

mzfto. &s±<d&?\z. mack, fc&mm?<<j± 

70b, SACK*MICJ:D/t4ry M»**»*IWHL 
[0 0 12] 

>0a«»«*H*fcll«T*'<;* hx?*— hSU— 

[0013] Tfcte^ exo**fl:- x 

rtwffl*asufc-f >h^*y mc&^t, mmmm^ 
«ttic*i;ra«#*oiisotf5i5a[*oWT, mga 

[0 0 14] *56WJ4C©<t:5&RiaS:<IHfc"r*fc*0 
[0 0 15] 
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Lxmmtt®*mffitz>&oizLtzb<DT?$>2>* i>tc& 

[0 0 16] £/t, W#JB2<D3891tt, W^Jgl^^W 

&mmzi&mv4>bvm*&%\znmi,, &ftm®& 

«*M»LTa«»«*ffl*ra«fc5K:Lfct)OT?* 
So Ufc*«r>T, /^yh»*»**ffll»» «*a«*< 

n * * > a > htm*& \zwm&mmm s 
*u iin^i:o»tt*nfca«#«*ffl^T«*affl*< 
i&gft^^a >oaflr««39«a*o**fiy**ti, 

t, «fta«^*»ft3*^s/3>©a«#«*«i!ij«s 

20 ft*. 

[0 0 17] *fc, W#^3<7>%WS, 

tfcttU S2©Wyh»*I4«»l©/tjryh»*i 

30 aa*Batt*nfcRfA*T©KMSr8S«KBtT*<fc 
[0 0 18] *fc, »#«5<0589!tt, *yh7-*© 

ajeu ^<Dmt\zfoCT/*>ry h2Mta«Mrr*a 
vwty bmmm*mMLTmm&m*WM-rz>&o 

icLfcfcfln?**. Ltztf-iT, KfiTfcfcH 
40 »fctt, »'6K:aflMIWl39«M«*ftra«0**«J»S 
ft, tO^XiP-^y h«T#S6K:WfcLfc»£fc: 

[0 0 19] sl*«6^ft §jf 5 £>?£BJ3 

t«i;T««*«jfettic»jST««ftafflA^fiAiS^ 

5^ -^ y >ttT*«S6lcWbLfc»*rcfl!)*/t4ry hi£f§ 
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^>o ifc^ot, b&Tfoam* 9&mmtfl 

«©;UI^-:/y httT#S&lcBfl:LfcB£fcfcoTiH 

[0020] st, w*a7<oa8Wtt, B*JS5*fctt 
fcjgiox/p-:/? h L*HI«±©«£ 

fail, JffflSnfcJBl*J:tf*2©XJP-y!y h«fls 

$ £ L T H £ J: 5 L fc fe o 

[0 0 2 1] 

y-Hita*r*y-H» * Baffin 2 teafiESfc 

[0 0 2 2] X>H/-H lfcL TftU<+fflS«l 
1, WflMfflgBl 2, 7^"J4r-^3.>»a»l 3 

3;i/Kt3HTa)ffl!, rfc**, afiBBtoBsi 

I P<hT3) ©»ffl«*fr5, 

[0 0 2 3] IH^fflSai 2tt, K +" 4 (ZCT 

yphJjl,Ht4 (TCP) ffl(Z)«|il^7 
>-*£LT, S«ft» , >^>F'>ffl (adwnd) , 

mmv-owm (cwnd) . xp-x^-kii 

(ssthresh) tfXfclC. /Hry M|»*»** l >> 
/tir* htt***«»"ra«* 1 o s s 1 

«B©**a*S/-ir>X»**«»f **»h i_c 

[0 0 2 4] 2HtnJfi6fc/^!y hfttt, m i n (cwn 
d, adwnd) T&D, ft/15 ^-*©*ftfc:ff^a 
«<HC«fcLT^<. fc£U min (A, B) ttAt 

*«ON/OFF*«*U TCPTO««SiJffllc7)^tt^ 
a«T*fc»©*fca«79y*J»'3. 
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[0 0 2 5] 1 ©*«©»B-Ctt. ®5ta^ 

3j**fflS*ifc*^K:tt. i«fc**Mfl/i7*--*s s 
threshtcwnde«tfl:ffi)tU ^co&O 
»*«jB^»fbbfc«^.ICO*#««W/l7^-^s s 
threshtcwndS9»infe©TM. 

2l»*«B0/lir* KT^Tfc^TaBBBSn&S 
T*B»KWiU B«T*2o©B»KWfc»Jfebfc 
70 *ft*tlO»*/HrT5f ;hB**ttBT*IlfcfcJ:D, /I 
fry b»*»«ftBllO|l^*R*BftbT^«*«* 

[0 0 2 6]fc H2-4:*#IBLt, *%WV>m 1 
oBBOBBlcJcftBfftbT, »*BB*«M>fcl/*: 

>X±#©R»S*T5'-fr>XK9iB, H3tt»«« 
■4#©«W*»-r7D-9 1 ^-h, B4ttBifeafiRp 

©#«««»a**'r«BaiiaT**. ^tth * 

^ (SAM) jfcS/lfry KEaftfr-SB^ftWKiKWr 

[0 0 2 7] SI*. *7<7>h«©W*4«lJI«l 
2 (TCP) fcL T^jy-; ya>mmmi 3 (±ffiA 
P) *>S<oa«WS&B#K:£^T, n*>7~>3>&£ 

4i5aSgB 1 2 (TCP) t^DfllD-rsctfciO, 3 

>7? S A C K t^> a >$ffiffi Lfe^S&lCtt, 
S/3>«*B*/«r!y McSACK*«*#tftlUT, « 

[0 0 2 8] fr7<7>h«0U^4ffl3I«l 
2 (TCP) tt, 7:/Ufr">3>fflS»l 3 (±&A 
P) *S©a«»7B#fc*^T, 3*ir$/ 3 >B* 
B*W:tf3**5'3>Btt6»*. f-/«WKt 
4ffl.Hffll2 (TCP) , i*0»DtS^tl:«fcD, n 

[0 0 2 9] H 2 3 n*^> 3 >iS^7 

/tBttx-^ca^JBaa* (n) y^t^s 

(H3:Xfy^3 1). U— /1fl©±ttA P it. 2? 
40 >f7>hBO±ttAP3^6a«**l*3.--1f I D*fc»4 
**7:/Ufr-*>3 > I Dfc*TJHT\ RjtLfcTCP 

[0030] cciT, att^nfciD*^ fijfca«<&& 

»£fctt. S^a<t75^^0FF(cS^L,T43<o U 
fc^ot, KB©r-^<Eao)a« <N) ttBlc*^ 
T» *-/HH©K*4a««l 2JC,kO, TCPOD 
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Sm^^ON/OFFICckO, f«3^^ya>l; 

[o o 3 1] B3Ks-r«fc5i:\ T-fmmomis 

(N) Ur^3 1) lc*^T, ■tf-A-ffifleoU'f 
iMjagg&l 2lc£0* TCPiDDWy h<&*&*$ 

.3**3/3 >T**fc*MffbT, eSfcWWMfl/^/ 

ss threshtcwn d ©ffli**ff "5 Ut^ /0 
73 3) o 

[0 0 3 2] «ftaffl75^#ON0«£fcHU 

i«ack, sack (stRM&g) mm. Sk 

/«r*hfcLtt. 1SACK, j8»*B^-f A7»>htD 

[0 0 3 3] M# (N) S«ACK3«l$£fc ^ 

ttSACKSffiBrKtt, BttBIHWHttStU *©»jflt 

T©a«**T*»B®a*a«$'-fr 

h i_chk^S$l> SSloss 

RL*»£U cwndtssthresh^M'i 

■r*cfcft<, e«i (mi) wis (xf^34> ^ 

*Btt»*a«->-$r>X##«**h i __c h k-vIS 
fib, ^ftloss l'WSKfib, cwndisst 
h r e s hvmZWm? %Ztte<. Mlftlttn W 
73 4) NffiTT*. 
[0 0 3 4] MlttBKS^T, ACKSi^WMtt 

>X## (ACKseq) h i_c h k>ACKs 
eqWS^ rttto'6a«**T*»B©/tiryh-rt 
TKl-3^TS«aa«BSftT^a^»^K:tt, l os 
sl©«Bift<, Ml*i©SStU a«KM*B 

[0 0 3 5] -J, hLchk^ACKseqOi 

Taa*B*ftfc«^t:tt, *a>*jfltroafli«f*T* 

«B©a*»«3'-$r>X#*H£h i_c h k-v^fi 
U 1 o s s 2*0 £U (M2) KB (X 

jWRTbT. *®BBBn4SBtt3h«. 

[0 0 3 6] Mltt»C*HT, liACKSffi 

I^S&ttSACKS«BfO«iatt^fl!)«fc5fc:ft*. 
t5ACK;^y h ©SATS'-' 5r>X#*| (ACKse 
q) *«, h i_c h k>ACK s e qCDJ§£, T&fc* 

a«R*"c*«B©/t4ry h-r^rfc-snTsaraaa 50 
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»n« 1 o s s i^$£»L£Sn£u Mi«i©t^ 

fcU BttBIHttUrr*. 
[0 0 3 7] — h i_chk^ACKseq0| 

xaa«Bsnfc«^K:tt. *©wpoan»M* 

«B0*;*:a<B5/-ir>X»#*h i_chk^Kfi 
b> »fctt/14ry H»*0*lB««*ntf 1 oss2^ 

^scL^^fibr, M2««^a»r«. cwcj:d, 

B»©B«EI«]W*7bT, *0B«Bffl**BJ*Sft 
SSfc, Ml^ggT, aa*B^<A79M9tt, 
lossU+lU Mltti^SS^U £SiKfifl£ 

[0 0 3 8] M2tt«t45^T, ACK§mi$© 

»a»4*©J:5K:tt*. a«f«ACK/t4ry 
>-^>X#*t (ACKseq) ^, hi_chk>A 
CKseq0«^ Tfcfc*»fflR*T*«8©/^!y 

h-r^Tco^TSfc'aaaBsnT^&^w^fctt, 

loss 2©£Hteft<> M2tt»©**£U g£«B 

[0 0 3 9] — h i chk^ACKs eq <£>SJ 

ft* rato%a««F*-C*«BO/tiry hT^TfctH* 

Taa«B*nfca^ictt, f»«2^©B«BiiBjwi*7 

LfctfflKlT, lossliloss2 ©ffi£i±Srf 
5 Ufy^3 6) • loss 2 = 0fc£fri, 

»l*OEaBHIJC*5^Ti»*/^!y h**5S£bT^&H 
££*>S» bfcfcfWrLT, 
7*-* s s t h r e s h t c w n d teffl«-t*T> BUt 
(N) ttii Uf7^3 1) 'v&frrs- 

[0 0 4 0] lossUloss2ft6H S 

Bfl>BBBHrc©»*/tfr* h«to&M6*bTH*£i 

mtMrt9*—9 s s t h r e s h i c w n d M«t 
f > SSlc*F*JI*fc», •rfefcEfiBIHSHtt'T 

5o zorz®, 1 o s s 2 1 o s s 1 ^tajeu 

1 o s s 2 = 0 t U *0B5j&T<&a«R#T*WB<0 
i^ffy^/Xi^^h i_chk^£lT, M 
2Vtf& (Xfy^3 5) ^MD, K«BHJ**iBrf*. 
[0 04 1] Jfc, lossl<loss2^f)H I 
B©a«BIBT©»*/tiry hBfcWMnbT^SCfc 
*y h"7-*OBII«jB3j««ft:bT^*i#A6 
n*fc», Wm«mny*-9 s s t h r e s hicw 
nd^Si (Xr^3 7) bfcSHC, Uf7 
73 1) ^&&T£o 

[0 0 4 2] M2ttll:*V^ a«ACKS<t 

»*fcttSACK*«»©»att*©ct5k:ft«. 
tSACK/tjry h©ftfl|'>— 5r>X#*f (ACKse 
q) h i_c h k>ACKs e q<Dm&, T&to* 
S«»*T*«B©/Xiry hr^TJC^^TS^SiaW 
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fctttf 1 o s s 2^tt*»LSttWU M2tt$£>££ 
[0043] hi_chk^ACKse qtf>«£> "ffc 

#r IT, lossl<hloss2 0«t*Jfc*8rTa (Xf 
y^38) 9 CCT, 1ossU1oss2^^I1 

4^ ssthres h <h c wndttB'J* /0 

[0 0 4 4] *LT, Se>K»?*ji,*fc#* loss 
2©ti£ i o s s l'vRjrr* 
a«**"C*«Boa*j8«^— !r>X##fth i_c 
hk^U frfctt^iry htt*©*fa*«*fttf 1 o 
s s 2*4&**L*»£LT, M2tt& Uf^3 
5) .^RD, fffeftEBBBeBtt-r*. 

[0 0 4 5] Sfc, lossl<loss2^^1 $ 

n*fc*, ffttlHW/^*-* ssthreshtcw 

73 1) NM***. 

[0 0 4 6] SSfc, M2«T, 2ia«B^-f A7»> 
M»tt, 1 o s s 2£+ 1 U M2ttSB<0£$£U £ 
«BWS«tt1-*. Xf7^3 6, 3 8 7?©** 

tfMK7*-9 ssthres htcwnd^BWH 
££Tttft*;*a£Httfc:* ssthres h=m i n 

(cwnd, adwnd) /2, Src wn d=IBcwn 
d/2<ht5o 30 

[0047] c<D&o\z. *%m<Df&io$zm<ommv 

mmny*-t? s s t h r e s htcwndSMSt 

ssthres hicwndWlt 
S^OlCLfc, Ltztf-oT* m$ (a) lC^-fft*CD?gr 

-»K:#*ffl**fT5»^tJtttLT. 0 5 (b) 

[0 0 4 8] *fc, /t^ry h»**ft^«lH$nfcR* 
T©a«R*Trto£a*»B©^*r* h-T^TKl^Vi 

httftlossl. I o s s 2£Jt«rr*<fc3ICLfc0 

[0 0 4 9] gffiffi'J (£^7>hffl'J) ^«biiftl 50 
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*nfca— !f I D*fcttK*7 7»J$r-S'3>I DfcS 

[0 0 5 0] 2 ©*«©»BK:^^T 

KWT*. *y h7-*©BI«KR*/tjr* 

t\ afltasBB-rsaflr^phn^ tcp 

-Vegast»tfft*TC;P;t-^3» ©E^fco 
[0 0 5 1] *T» Br**0B«KB£i:fc:x;k-:7* 

^a«bfc*a«/^y hK:»LTS««^6aa«B 
aa$n«*TOBf!iRfm*«-Rpi-3». fit, f^i 

[0052] m*x* tt*©B«KBTr»ULfc^;P- 

tBUcXiH7 p yh^P2i:l, WB£KBfciitt*X 
JH^y h«ftlD*, ^#C0MT^t>^D = P 1 -P 
2«5. S^lt^ta^L X 

So 

[0 0 5 3] C^T, «fti«77WON©»^i 

ftr&ztn®LT, wry hmmmzmmzitz. * 

[0 0 5 4] tt^T, ^0P20MPltLT«#l 

t©tt(fteffir^ stfD^a&sa, x^-y^MST 

[0 0 5 5] «SM75WOFF©i§©l 
fm&Ocfcifcfc*. mSB£H«fcLT*fflLfcX*- 

tf, ^-^hWAffTtiiWUfLT, Sffa«i| 
[0 0 5 6] Lfc/dbt, XJP-^y h©*ft«R*6 



4 
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«i;T-i(iK:#«MMtff5»^iJt<ftUT. mm/m 

[0 0 5 7] 

fr? 3*^x3 Xc&t^T, ItfelC/tfry h&fltgeiN 

Mirr-ewss&jsu *©&©**#«#£ eciwb 
Lfc«£fc©*«fta«*fr5 n** -> a >©aflMf* 

*M*tt-*J:5fc:L&t>©"TN&». LfcA^T, ti£#© 
±■5 IE/Mr* ht^MCDftBllCJ&CTHircffttllM 

afi©3 * jr "> a >r^«5:«tffi-r 5 C t 5tt 

QoS (•*- KxfiJl) ©^flMfctcatirc*. a«3?i£ 
©ipjfflict)^T©«5feS#ttc»'^^fc*je)ja*H^-y— 

«*«>*a«)(iftst*oUT. a»aflr*5R&a«-e© 

[0 0 5 8] n— tfk^;i/*5^tt7^U^r— > 
a >iHfcJSCTff«*«*IISCiaT5BjfeHIM 

U «fta«#&g&n**x3>»;::3^Tfck MM* 

v K3lfll«*ilJ»UTa«#«*B'Ji*-r*«fc5Cbfct) 

cjs urn*. \znmt ntzs^mm^mtt n *v -> 3 

^JI/*4^tt7yj^— >3 >figiJC*Si;T»«*fi5t 
MCfJST5«fta(i*^>S^5**a«<WT7fJ»fT 

SUIT* £<h#T££ aftafttfTfeftfr'ft* 
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tmm<On^^3>\Z'O^X\tn^y hi8Hfe*S!©& 
je>©*§tgE£«8£T€r£. 

[0059] *&. BfjecBtaKiwrtic/^y h»* 
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